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ABSIRACI 

The solids btained from the reactions of the NF 0-BF com- 

plex with C1207 and N20/t were examined by NMR spectroscopy. 

No evidence was found for N-F compounds  Equally negative 

results were found for the reaction between HCiO. and NF (T 
y 4     3 * 

The solid obtained from the interaction of antimony penta- 

fluoride and NF 0 was sfttnm-tij-b?"largely NOSbF '. 
.J 6' 

No reaction was obtained between NFJO and aqueous poUe^H» 

cyanide.  Although no reaction occurred between NF 0 and an 

aqueous solution of the sodium salt of nitrometh&ne, when 
the reaction was ran in the absence of water, all the NF_0 

W was  '■■"'-"""■'l   fhe product. „I this latter reaction have^nol 
* 

yet been detennined 

The isolation of pure Compound A (a new interhalogen) by VP€- 

is being attempted  A small peak.-hnoVeaa. obtained in the " 

chromatogram that may be <Uw V« (ompound A, but its size has. 

precluded identification. Compound D haA^ obtained from 

the electric discharge of mixtures of mtrngan t if-luorid« KF3 

and cJa«*iaÄ.  Compound li decomposes in glass to give SiF" •• 

and FClO^, and is characterized b.y   absorptions in the infra- 

red. ^-TJ^-^i^-eTid T^r-m-^r--^--1 — ■  ^ 
K 

(Confident1.1 i   Abstract 
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DISCUSSION 

CHEMISTRY OF TRIFLUORAMINE OXIDE 

Reaction With Antimony Pentaflaoridt 

The discovery that NF^ forms a 1:2 complex vith BF (Ref. l), led to an 

investigation of the reaction of NF^ with antimony ..pentaf Wide (Ref. 2). 

The principal interest was to determine if the. reaction took the following 
course 

NF 0 + sbF; > NF^OSbE, .■ 

I      ■                        If the stable white solid formed in this reaction were the salt NF OSbF ' 

it would constitute the first example of a stable .NEo0
+ ion.  ThisW 

: ..•.        has been postulated as the reactive intermediate in the additions of 

■       . NF^O to fluoro olefins (Ref  >). .,.:' ■ 

When antimony pentafluoride was allowed to react with-an excess of NF 0 

•  at room temperature, a vigorous reaction occurred and a white solid Js 

■   ,     formed.  Its infrared spectrum (Fig. 1) showed no evidence for a compound 

such, as NE^OSbE^ but, indicated it to be mainly NO'SbFg with some possible 

.;.  .' . .•  nitrate impurity.. Figured shows the infrared spectrum bf NÖSbFV obtained 
fr0m.the re$cti:on^tveenN*'Cl «"d SbF5.(Ret .4);ahd..^^^ 

two spectra reveals.them to be quite similar.. Both spectra .were taken in 

KC1 pellets, prepared in' a dry box. .      ' . .: 
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It was not possible to obtain a vapor-pressure composition diagram of 

the NF_0-SbF system because of the vide disparity of the physical prop- 

erties of the two substances. Antimony pentafluoride melto at 7.C, 

while NF 0 has a. boiling point of -89 C. Difficulty also was encountered 

in determining the stoichiometry of the reaction, both because the anti- 

mony pentafluoride tends to dissolve in the protective Fluorolube oil 

layer in the manometer; and because the white solids formed, have about 

the same Volatility as SbF . The amount of NE^'O consiimed indicates ', 

reaction with two moles.of. SbP_; höwev T, it is impossible to draw any 

conclusions in view of the experimental uncertainties.    . 

Reaction with. Chlorine (VIl) Oxide, .-■/.' 

Nitrogen Dioxide and Perchloric           • - ' ." ■ 

Acid  ' ■  ■'•....■.■•."                                .'. ■ 

In the previous report (Ref. . 1 ), the "following Reactions .Were, attempted: 

' ■'.' . . ■ ■'• w*        ■••■      •:. ■■."•• .;. : ■'.•'• * 
.   •.   NF^O +.C120  ^-4 NF2ÖC10ii + FCIO,     •                      ■.;.• (l) 

.  NF_0> BF_ + No0.—>NFo0NO,.+ NOBF;                        •• f     (2) 
.5            3        2 h              2      3,.-....    ♦.■       •.   ..■•■•■' '    .  ..    ' ■■ 

';'  ..' NF 0 +.HC104-—-*HF.+ NF20C104 V.^:.   '••.'■ 6) • 

White, solids obtained from reactions 1 and 2, and a nonvolatile liquid 

from reaction 5 were incompletely charucterized;;. there, was a possibility 

that they may have 'contained N-F substances.  :. • .■';,/•'.      -  / • 

R_3071-3 
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They have now been examined in the MR, and no indications were found 

for the presence of N-F bonds.  The only fluorine signal found was in 

the case of reactions 1 and 2,  and were assignable to the BF" ion 
4 

Reaction With Potassium Cyanide 

This reaction was attempted in an  effort to extend the scope of the 

recently discovered addition of NF_0 to  tetrafluoroethylene  (Ref.   3 ). 

The following was  the desired reaction,   the formation of a C-0 bond 

j providing the driving force,  as  in  the  case of  the addition  to olefins: 

CM"    +    NF30-  >-NF20CN    +    F" 

^ When  the reaction was attempted between NF 0 and aqueous KCN,  all the 

NF30 was recovered.     This  reaction will be repeated using nonaqueous 

solvents and employing the NF^^ complex.     The  catalysis by BF    may 

be a necessary element in all these reactions. 

Reaction With Nitromethane 

The reaction between  the  sodium salt of nitromethane and NF,0 is beinc 
3 

studied for  the  same reasons as  in  the KCN case.     The following  is  the 

desired reaction 

CH N02Na    +    NF 0-^NaF    +    F_N0CHoN0r 

R-3071-3 

CONFIDENTIAL 
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The anion of nitromethane resonates between the two forms: 

H    ^0 H     0 . 

(D ;..■ (ID 

and several reactions are known in which the anion behaves as the carban- 

ion (l), such as the formation of nitroalkanes from the reaction with 

alkyl halides, and the synthesis of trichloronitromethane by reaction 

with hypochlorous acid (Ref.  5 ), 

When carried out in aqueous solution, no reaction occurred.  However, 

when nitromethane was used as solvent, all the NF 0 was consumed.  This 

reaction is still under investigation to detenfline whether the desired 

addition took place. 

NEW INTEIiHALOGENS 

Compound A 

During this quarter the main effort has been directed at obtaining pure 

Compound A.  The synthetic procedure has been improved by employing con- 

ditions in the discharge that lead to increased gas ionizatioh, thereby 

decreasing the amount of free chlorine obtained along with Compound A.- . 

Since DF^ does not form a complex with Compound A, it has. been used in 

the Purification procedures to complex undesirable side products such.as 

ClOgF. Despite these improvements, Compound Abas not yet been obtained 

■ in the pure state. 

R-3.071-3 
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Purification of fompound A  bv gas  chromatographv was attempted in a column 

packed with halocarbon oil  on Kel-F powder  'Ref, 6   ).     Found were SiF, , 

Cl0,  ClOn,  FCIO-;   and an unidentified fraction  too small  to manipulate. 

Since  the peak mav be due  to-C10_F or 1 otnpound A    it   is not yet clear 

whether Compound A   Is. aduallv decomposing on  the column  or not. 

The   infrared «pectrum of Compound A  shows.,   in addition  to   the absorptions 

.at. 732 cm"    and 78" cm.      another absorption at 63Ö cm     .-.   This  latter 

.    absorptio    has p    q    and r branches  which mav  be ä result of an axial 

fluorine  -  chlorine-stretching-vtbpation;   A,,    While   the parallel band 
_1 

for. the axial  fluorine  -  bromine stretch  in-BrF_   fA,       690 cm    )(Ref.  7   ) 
■~s ■ ■       .   5 •    1 ■ _j. 

. .       is at a higher frequency   th;in   'be  perpendicular-band   'E  = 645 •cm     )   in 

. , •Compound A, -these ahsorp^ions  ar<-  reversed    with-A,"-   630 cm      and 

E  -'732 cm rhis-.implie*   »hat   11  Compound A   is C1F_-,   the axial  fluorine 

fß is  further  from the'chlorine.than, are   the other fluorines      The  influence 

■. of  the lone unshared electron pa ir- in .the  pn posed CIF^ molecule would 

have a greater  tendency   to  croud all   five  fluorines, on  one side of  the 

'   central atoin  tiiiin   111 BrF-_    bfCJiu^c  f>f   increased stenc  crowding.     The 
..'•".•'■ . '       . .       5 • ■ ."       •   . • ■      ' 

axial   fluorine  in  (IF.     mt cr-K • mg ra-re  8trongl\   with  the  other  four 
•   ■ ■ ■ -  '■■       .        ' .-'   .      5'     •       • '        •'  ■ .'     ' 

. fluorines    would  then  be  furced   further  frixn  the  chlorine!     Thfe  reversal 

in   the  order  of   theAand   the   F   »tretchino   frequencies   in BrFc  and CIF^ ... .   . ... _ .-" .5 5      . 
... ,,      would not.'be unrVasonable :    • . 

•Four preliminary expenm.'tits  with  radio-fre.quency electrodeless dis- 

charge of'NF    and Clg"ln a glass   reactor  resulted  in   the  formation of • 

.  reproducible,   but   small  anfounts   of Compound A'-and.in- one case FN0_i -'The. 

■.   .discharge  could be mamtaitied  at pressure? no-greater  than  5 mm and at 

relatively, slow'fluwrates     ca   1((   mm.     A  radi o-f requencv generator of' 

greater  power  output   will   be  nece-'sarv   to   iticrease   the  operating  pressure 

', Of   the system.- ■     ' 

R'50n'5 CONFIDENTIAL 
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Compound B 

Compound B, previously considered as a possible binary N-F compound 

(Ref.  8 ), has been reproducibly made from NF and Cl along with 

Compound A,  Compound B is the species previously referred to as the 

less stable of the two unknown compounds condensable at -142 C and is 

characterized by absorption in the infrared at 719, 713, and 707 cm 

(Fig.  3 ).  It reacts slowly with glass to give SiF. and CIO F.  Com- 

pound B formed a BF complex which could be easily separated from Compound 

A and other products.  Thus, Compound B may be a new species containing 

chlorine and fluorine.  The further investigation of Compound B has been 

temporarily set aside in favor of Compound A. 

Because of the reactivity of Compounds A and B with glass, future work 

is planned in nonglass systems.  To this end, an alumina and stainless- 

steel discharge cell is in fabrication and will be used in conjunction 

with a metal vacuum system.  The use of high-purity alumina (99 percent 

A1203^ i9 indicated by the need for a nonconducting cell material re- 

sistant to attack by fluorine 

R_3071-3  ■■ 
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Figure  T.     Infrared Spectmin  of  Compound 7 
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EXPERIMENTAL DETAILS 

CHEMISTRY OF TRIFLUORAMINE OXIDE 

Reaction With Antimony Pentafluoride 

Antimony pentafluoride (l.7 mmols) as allowed to come into contact with 

an excess of NF^ (373 cc) at room temperature,  A vigorous reaction 

occurred, and a white solid was fomed.  The solid weighed less than the 

starting SbF because of the absorption of the SbFr in the Fluorolube 

layer in the manometer and to the volatility of the solid. The NF 0 

consumed in the reaction (O.8 mmols) corresponded to a 1:2 reaction with 

SbF5.  The infrared spectra of the solid is shown in Fig. 1 , taken in 

P a KC1 pellet.  The solid was found to react with Nujol when ground in 

a dry box. 

Reaction With Chlorine (VII) Oxide. 

Nitrogen Dioxide and 

Perchloric Acid 

The experimental procedures were the same as described in Lhe pre- 

vious report (Ref.  1 ).  The white solids were found to be somewhat 

soluble in nitromethane.  Sulfur dioxide, carbon tetrachloride, and 

C1207 did not dissolve the solids, while diethylether reacted with them. 

R-.3071-3. 

CONFIDENTIAL 
10 

FORM SOS-B-I PUATE REV. 1-SB 



i 

I 

> c: :K: E TT i>7fcr :re E 
A DIVISION Or NORTH AMERICAN AVIATION. INC 

CONFIDENTIAL 

Reaction With Potassium Cyanide 

A solution containing 6.2 mmoles of KCN was allowed to stand overnight 

in contact with 1.8 mmoles of NF 0.  No reaction occurred, and all the 

NF 0 was recovered, 

Reaction With Nitromethane 

Trifluoramine oxide (29 cc) was left in contact with a solution con- 

taining an excess of nitromethane, made basic with NaOH, for two hours, 

Essentially all the NF 0 was recovered. 

Nitromethane was left to stand for 24 hours in contact with NaOH. The 

clear yellow supernatant solution wias then pipetted into an ampoule 

(2 ml), and exposed to 28 cc of NF 0.  After two hours, all the NF 0 

had been consumed.  The liquid is currently under investigation to de- 

termine if the desired reaction occurred. 

NEW INTERHALOGENS 

Compound A 

A total of seven glow-discharge reactions employing NF and Cl were 

carried out.  The samples submitted for gas chromatography were 

fractionated through a -112 C trap and condensed at -126 C.  Only a 

single fractionation was carried out to minimize the reaction of Com- 

^ pound A with glass.  Fractions recovered from the Chromatographie column 

and identified were SiF , CIO , Cl,,, and FC10 

R_307l-3 11 
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The preparation of Compound A by radio-frequency electrodelesa discharge 

was carried out in a glass  reactor at 800 volts and 90 ma.    Both straight- 

tube and concentric-tube arrangements of the discharge cell were tested 

with no observable difference. 

Compound B 

Compound B was synthesized along with Compound A and separated from GIF, 

C1F3, Compound A, CIO,/, C102, NF Cl0, and SiF4 by the addition of ex- 

cess BF    and fractionation through -80 C,   -112 C,  and -126 C traps.    The 

112 C trap contained some SiF^. BF      and Compound B.     However,   neither 

BF    nor Compound B was observed in the  -126 C trap. 

About 5 cc of Compound B exploded while at  -I96 C in a U trap.    The 

explosion was of sufficient   force to destroy the U trap and the adjoin- 

ing glass  connections.    The  cause of  the explosion is unknown. 

R-3O7I-3 12 
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SUMMARY AND CONCLUSIONS 

The  reaction of NF^ with anf.monv pentafluorxde yields a vhite solid, 

shown to be   largely NOSbF^   rather  than  NfgOSbF   . 

Lth The solids obtained from the reaction, of the NF^-BF complex wit.. 

C1207 and N204 have been shown by VMR and EH not to contain N-F compounds. 

Equally negative results were obtained for the reaction of NF 0 with 
HC10, 3 

Trifluoramine oxide has been show, „ot to react with aqueous potassium 

cyanide. Ihe reaction will be tned employing the NF 0-BF_ complex in 

a nonaqueous medium 

Trifluoramine oxide did not react with an aqueous solution of the sodium 

salt of mtromethane, however, a re.ct.on did occur when mtromethane 

itself was used as a solvent,  In.s reaction U being investigated to 

detennine whether new NF^-type compound- have been synthesized. 

Compound A has thus far eluded eff. rt* to prepare it in the pure state 

Compound A does not fonn a HI. complex, and BF has been used to com- 

plex unwanted side products u. the ...vntne.is. such as CIO F.  Purifica- 

tion by gas chromatography is under study,  A small unknown fraction has 

been obtained in the VPC column that may be caused by Compound A, but 

the fraction has been too small to identify 

R-307I-3 
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Compound B has been obtained by subjecting mixtures of NF and Cl0 

to the glow discharge at -78 C. Compound B decomposes in glass to give 

FC10 and SiF .  It absorbs in the IR at 719, 713, and 707 cm-1. On 

one occasion, Compound B exploded with considerable force while in a U 

trap at -I96 C. The cause for the explosion is not known. 
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